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(54) HOT ROLLED THIN STEEL SHEET AND ITS 
PRODUCTION 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a thin, wide steel 
sheet substitutable for a cold rolled steel sheet by 
specifying respective contents of C, Si, Mn, P, S, Al, 
and N in a steel composition, forming a part of N into a 
state of solid solution, and also controlling hot 
rolling conditions. 

SOLUTION: A steel, having a chemical composition 
consisting of, by weight, ^0.10% C, ^0.10% Si, ^0.8% 
Mn, ^0.04% P, ^0.02% S, ^0.150% Al, 0.0050-0.0200% 
N, and the balance Fe with inevitable impurities, is 
used, and further, N in a state of solid solution is 



(71) Applicant: KAWASAKI STEEL CORP 
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allowed to exist by ^0.0030%. A slab of steel with this 
composition is heated to ^lOOOX and hot rolled to ^1.4 
mm sheet thickness under the condition of _800°C 
finish rolling delivery side temperature. Cooling is 
started within 2 sec after the completion of finish 
rolling, and the resultant steel sheet is coiled at _400°C. 
By this method, the hot rolled steel sheet having ^340 
MPa tensile strength TS can be obtained. As to the 
inevitable impurities in the steel composition, it is 
preferable to control the total content of Cu, Ni, Or, 
and Mo and also the total content of Nb, Ti, V, and B 
to gO.2% and to ^0.01%, respectively. 
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(54) mm<o^m] mm»jm^^^Ts^(o9m:»m 



(57) imm 

mm) ^mmmcoRmt^j:^^^. m^x-)t^'^(om 

C : 0. 10wt%J^T. Si : 0. 10wt%WT. 

lAn : 0. 8 wt%i^T> P : 0. 04wt%j^T. 

S : 0. 02wt%JeAT. Al : 0. 150 wt%J[^JlT. 

N : 0. 0050—0. 0200wt%-C;0^0. S^t^S^ \^X(DN:d^ 

0. 0030wt%j^_h 

fIftMilKT'fooT. tel?^ -1.4nimJ^T. TS^ 340 MPa 




(2) 



(ft^te^S 1 ] C : 0. 10wt%J£jlT. 
Si : 0. 10wt%i^Ts 
Mn : 0. 8 wt%J[^T. 
P : 0. 04wt%i^T. 
S : 0. 02wt%J^T. 
Al : 0. 150 wt%J^T. 

N : 0. 0050—0. 0200wt%r*^^o , @^#c^.^ I^XCDNt!)^ 
0.0030wt%l^Jl±?:'^WL. m'^\:XFe:^XU:^-^m^^m 
^<Dm^\^t^^ . ^J^f>^ 1. 4nimi^TT% TS:^^ 340 MPa 10 

Cu, Ni, Cr, Mo^-g^tf-e 0. 2wt%J[^T. 
Nb, Ti, V, B^-g-ff-e0.01wt%JWT 

imMms] C : 0. 10wt%i^Ts 
Si : 0. 10wt%J2XTv 
Mn : 0. 8 wt%J^T. 

P : 0. 04wt%l^T^ 20 
S : 0. 02wt%l^T^ 
Al : 0. 150 wt%l^T. 

N : 0.0050—0. 0200wt%^^<^, ^SF(5fiFe:j3 i "Til^ 

6^^mm(om^\^^j:^m:^^'>'^^. iooo^:i^Ji(^Ap?^L 

f'(vh. i±±\fmmmmum : 8oo °c£i±<D^i^Tx-m 

[H\z.}^m^mii^vx. 400 ^:Kj^±(?:>M*T*#Kt5r 

[0 0 0 1] 30 

mt\^^o ^tx^mmm:^mm^thx\^^tz. mm^ 1.4 
nmi^TUA<Dm^f^mm^\^'o\^^x. ^i^mm^(Dixmt 
Lxo^mm^'^m^^hi.it^^o t'r^h<Dx^^. 

lo 0 0 2] 

oa5p°p<t LT^ffl^tL^yhi?>. tU;^ 340 MPa«±cD?l3i 
5i« (TS) ^5i|;}^^tbTl/^r. l^-</W:i^^ C 

T. Cu, Ni, Cr, Mo, Nb, Ti, V:Jo J:UfB^^ig»-^^ 

[0 0 0 3] mmm^X}-^. m^^^ 1.4nim^^S^ 

(^)T'fite<i7i)5 9OOmmi^^T<^$feiS<?:>t)<^L75^i3itr*^/^/0^ 50 
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2 

T^Aco b;5-L/^;^5e>. ?^M^«T*f^. BP«1i£®m. M 

mm^m^tixh^tco 

[0 0 0 4] ^^mmmi^i-trnx^ ^mmmm^mm-r^ 

m^m^^^'^xxh^o m^(Dmmmmmm\:ii^^^x. 

Y)^mm(omm^^mx^^xo\^^j:^x%x\^^^o * 
/c. um(om-m^-^^^xi,f±^^(Dmmu&mm^m 

a)^m^hm^^x^'^\^xmm-ir^r-mz^ m^^i^^ 

^^9 -296252-^^^^;lfE«^tbTV^5 J: 5^^. tt_Ltf 

^^xv^mm\^^^^xhmm\^^ti^{^^\^fz.^mx'^ 
'^l.xmm^mm.x%^m^t^m^^i^^x^^^^o ^nh 
<Dm^\z.xy)^ mmmm^^^^xh. mi^-^mmm^ 
x^mmmm^Mmrnxmrnx^ 5 j: 5 \^^^ ^ oo^ 

[0 0 0 5] L;^^L/^^5^. t^^tOC-Mn^iT. 

1. 4inml^T"e®*M;5^ 900mni^S;t5 J: 5^^e^^feXS:i|gc;ot> 

;^^ex.TL^9 J:5^^«^J-}1. Kig^"5TtgT-fe^o 

^f^. j±.mm(^mtimm^xmmx^^\:i\^xh. ieem 
^w^mM^-K^ <fi:^:iti}^h. m^'-^mmm^u, 

[0 0 0 6] ^yc:. mc0^ffiS€r±tf 5:i^{-J:oT. 

(?l^?^ftTST- 340 MPagt±) < 5 

COT. ^PBlBEM»#t7)^^^}g:tFL^{g:T^-^^^i*{;it>PS# 
?55fcofc, J^±COSST-. ffig : 1.4 mmJ[^T. : 90 

0 mmJ[^±-r. ^m^&rSt^ 340MPa i^±T*fc-5ia^ffi 

[0 0 0 7] ^fc. ±BSb^cffl«?^«$a»{;i*5v^rfi. 

7 v7^-:?^/i-^?^-f ^) xcomwu^m^mmx^^i)^. 
m^f)^wm.x^^\^^mm^ii^^'t^tif^n'&m(om--i\Li)^ 
m^x^-r. u^ti.xuw<o^-'mmit'r^t\f^o 



3 

[0 0 0 8] 

i^mf)m^\^x^ t-r^mm] ^mm\^. ±m(omm 

^^(l.4inmJL^T) T* t>J[Silii (900inmJeA±) (OmMm^ 

m:^*^i^t>ivx\^^^mm{c:^\^'^xmmmm^(oixmr^'^m 

[0 0 0 9] 

{mM^m^'r^ti^(D^m ^x. ^m^h\^. ±m 

i, Cr, Mo, Nb, Ti, V:jQj:tKB#^^*^ii:/^V^<fc 5 

m't^^t\^x,^x^ mm(Dmmmm^^mm^^^ 

^n^:iti)^^m^fhti(Dx^^o 
[0 0 10] ^fc. ^^m\:.jtmt\^xm^^f'm^. 

mm<D^^m^mn't^±.xhmmxh^:Lt 
t><7)xh^o 

[001 1] ir/^t^h. C : 0. 10wt%j^T. 

Si : 0. 10wt%J^;lT. Mn : 0. 8 wt%J^T^ P : 0. 04wt%^ 
T. S : 0.02wt%i^T. Al : 0. 150 wt%^T. N : 0. 00 
50—0. 0200wt%T;5i^o, m^ikMt l.X<DN:^^0. 0030wt 

{-^^"9. 1. 4mmJ[^TT% TSf)^ 340 MPaJ|^±T*fc 

^^t^wmt-r^m^mmmmxh^o 

[0 0 12] :^mm\t. C : 0. 10wt%^T. Si : 

0. l0wt%i^Tv Mn : 0. 8 wt%i^T^ P : 0. 04wt%i^T. 
S : 0. 02wt%^T^ Al : 0. 150 wt%J^j(.T. N : 0. 0050-- 

0. o2oowt%^-^^. mmt.?e:^xxf^wM^^iiim(Dm 
^f!£ma^mum soo 'x^u^co^i^rxmm : 1.4 mmi^ 

^m^mm^<Dmm:^&xh^o 

[0 0 13] ;^^0>g^^*5V^Tfi:. ^WM^^m^7Lm<o 
9 ^Cu, Ni, Cr, Mo^-g^fhT* 0. 2wt%£J^T. Nb, Ti, 
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V, B^'^nYX0.0lyit<>^^T\Z.nPl'r^^t7^^B^i. 
[0 0 14] :*:^|^T*fi. 30%J^±(^ 

[0 0 15] $^,fc. *^w^<^)$aigt-^L. mm<7^M 
-tmrf(Di^- hy<-^m^\^xmmmci±±ifj±m& 

m^<Dm^t L^x\'X. ^^y^y^y (itig::^f^25nim 

[0 0 16] ^fc. tt±tfjdE^^AffiyT% MiE^t^ (v- 

xmx^j±.mu(o^m\^t>fz.<^xmmx^ ^mmmm. 

[0 0 17] -^(T^ffi., iE^^O?ft^^;l^ol^T. ^^yi^^U 
(7) ^ Jh ^ i6 ( fp] f^Sas (c^a^k ^ 

^^m^^t>^^w^^^^xm^^xh^^^\ 

[0 0 18] 

H PS^ L fcS * o V ^ r 0J -r -5 o 
C : 0. 10wt%J^T 

40 ^t{ci^m\^xmm(7)]^^f)mi\::'r^tii^m.mi^(Dm^. 

m\z.m±-t^^^j^mm^thfco :^^mx^^t't^M 
m(Dmmmm<Dmm^^fz.^x\'^. ^mw:ifL(DmM}^m 

it-r^o t^oT. cfifio. iOwt%^T<^i-5;d^ ^m\^ 

tt^mxh^o 

50 [ O 0 1 9 ) Si : 0. 10wt%l^T 



5 

fi o.050wt%£AT"efc5o 

[ 0 0 2 0 1 Mn : 0. 8 wt%J&lT 

[0 0 2 1] P : 0. 04wt%J[^T 

oo±pg^0.04wt%ir Lf^o m^^tih(D^\ii)^mmW.^ 
[0 0 2 2] S : 0. 02wt%:£j^T 

[0 0 2 3] Al : 0. 150 wt%l^T 

Alfi. ilcojltt^^^^i: bT?^;(jp$tL. fflco?S?f-S^fp]± 
N^mtTumtLXmm'r^:^^ iSiE®fflcOAl^^;(JDL 

Kfflj:«9^>. mm^\±mr-mtix\^-^o Ai-^^g 

>^^mmi&m<D^\m^mxh^ 340 MPa^$i{^-r 
i:;55s^^/^5o :iti^co^.^mmvxMm<o±m 

0. 010—0. 080 wt%gft;^5S^ 
[0 0 2 4] N : 0. 0050—0. 0200wt%-C:;^i^o, 
t LX<DNm, 0030wt%:W± 

Nti. ^^m\^i^^^xmhM^^j:mm5vmx$>^o -r^j: 

:i(DN(Dmmmtmm^Xr) S^^-r^340 MPa ^ 
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[0 0 2 5] ^m&t LTf^. bOppmU±(Omm\^ 
, 0. 0200wt % ^m^X mm L fcM^ f l^^E (Z) 

10 iKm^ti\tmmiKm(r)m±m:^m<^j:^r£^'fx^j:<. m 

T% ^(7)±PIfi0.0200wt%l^*JPSL^Co ^itXS^fls:^ 
0.0070— 0.0 170wt%C7)®ia;^|S^ h\^WMX^^o ^ii^. 

[0 0 2 6] ^f'. \.t^ 
>b N Id J: 6 5i^B#-^^J!{t:;?r5*^^ C::^^ ^ . mm 

20 i^ffit^NtiO. 0030wt%i^_bi:-t~^ie:^^;^^fc5o ^^^3, r 

[0 0 2 7] m^\c^wMm\cm.7^\^x < 

30 Tt^^WiSO-r^ ^ h ti^ffiX-fe-So 

(Cu + Ni+Cr+Mo) : 0. 2 wt%jeJ[T. (Nb + Ti + VH- 
B) :0. 01wt%^T 

40 »)^^-rcoT% mmmw^mfi\z.R\^'rm:m.^\^m-5\^^x 

[0 0 2 8] *^?gi:i*5VNT. ffl«C^:K/?*B^fE 

Si^COJ?^ : 1. 4 mmJi^JlT 

50 f^t>h. C, ^in/^t*cr>5c;^^ja^0^fflX^.*PLTt). 



(5) 

7 

t L/Co 

[0 0 2 9 J (TS) : 340 MPa i^_h 

TV^5fci6T*fc5o ^ e)(-igffi®IS^J£tf 5(-fi. 370 

MPa ];i±<D^m^^^m'r^:it^m^i.^\ 

[0 0 3 0] ^fc. *:^P^T*fi. U«m^Wl^:}SXXJ^m 10 
: 30%Jt^_b 

[0 0 3 1] mn^itM : 30 MPal^;l_L 
-r^r ^;65-r*^5o i: "9^^1.1 ^5J!ftS^i 40 MPa ^± 
[0 0 3 2] ^fe, Si^EcO:?^^!^^/ (Slteffi$($;0^b25mm 

[0 0 3 3] mwi(om^t^W'm.xf^\^^t. mx. 

^(Di&M^X20nm&.T<Dm.mt'r^^t:dmi^l.\^\ ^J: 

h(ox. ^^±xi^m^^Pim-r^o 50 
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[0 0 3 4] m^. :^^m(Dmm:^m:i-^\^^xMcm^\^ 
mm-r^o ^^^(0-^1^ ^^j:m¥f%:m±ir^± 

xmmmmmxmm-r^^tf>-m.^\^\^^:^K mm.m. m 
^^y-^mmmcx^xh'^mxh^o ^f^. ;=^^>^^ss 

psm^j:<mmx^^. mmmikm<DN^^mmm't 

[0 0 3 5] |^^^^^^^:lov^T^il^T^^ J: 5 {-M^^tu 
;^ ^ :/;^jpfKi?^« : iooo"cj[^± 

[0 0 3 6] mm^<Dj±±i^fj£Mum soo x:i^± 
i±±\fj±mum^ 8oo^i^±<tu. my^ir:bm^j^mm 
(D'i^m^mm'r:5:itKx^. i^-xmrn^mmmmm 
^n^^tf)-x^. m^±. mm^j:<mm't^^t^^^x 

l.^^l^^j::^^h. ft±tfJEM?^*;55 800t:^TlHl-5 

tc:^^^X. tt±tfi±M?U^ti 800^J[^±t LfCo it#f^. 
^tS&^i4K^fp]Ji$-t^^itJ!!){^(i 820^J^_b^i--5 w<> 

[0 0 3 7] "9 : 400 

5o 400t:^TlHl6i^«(7>?f?<^^5^^ 

(^an^^cL. mm(oi£m{z.'^tc'::>x^M:^r^±c^fa,m 

«9M^L</^v\ $^oT. f^S^Siipf^Afi 400t:i^^± 
^L:r:io J:'9Sv>#HJ^"-f4;^?^^^t^5«'g'(;::fi 450 

[0 0 3 8] mr^m^mTW:(o}^m 
fj:m:ik^mn\^. :^^-o$tn<^m-\^^m^'r^±x^^ 

%^fd^m<^m i.xmum{^^^^m^M<-r^ ^ t 



9 

1 0 0 3 9 1 ^^PB#^::*5^t5^eii^^^;lol'^T^i. 4 

50—800 W/m^ - K t ^ ^ LV\ 

[0 0 4 0] mnj±mf±Tm : 5 %i^t 

[0 0 4 1] m^. m^mmm'r^:it:^m^L\^^m 
m^m^-:>\^^xm-<^o ^-r. i±±i'ff£^m(oxmx^ 
rfu t mnu t i^xm^m^tt^ifmrn^n o m 

fi. mmm^mm^^x^-^m^^mT^AixiyU^x 
±x^mxh^o 

[0 0 4 2] /^^b\ tt±tfJf±®^cOA{|iJt-:|b^tt§S^ir 

x^'^-:>fz.<mmxcmm-r^^hi)'^x%^. -^tz.. iSi^ 
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[0 0 4 3] %f'^ tt±if/dE®acDAfflllT% ffiEE®«(7) 

<g;^rp)ffl?Fi5 ^;^in^-r 5 >^ b - - V N ^ r ^ . 
4^:^^^c4t5^/^T^i. JEMB#:J^<fcU^7t^5' h^>^7^-://i-± 

[0 0 4 4] ^fc. teJBEM*t(^S^:*r^ffig|5(^ov^Tt) 
tri±^-t-^l^f-. g^-g^^MtT^AftiJ-Cv^- ^^^-^=I-f/^' 
[0 0 4 5] iiHEl^fcJ: 5^^^ty v^t — ^— ^v— 

[0 0 4 6] 

lllffi^ij] Hffi^^fll 

X^.mf±mi^. : 1.2 mm, mU : lOOOmmCOf^^ffl;^ 

2%^^;^T* 170^{^T205>(^)S^6^/^B#5a^{4^^ L 

40 [0 0 4 7] 
[1^1] 
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no. 




C i 
O 1 


Mn 


•p 


o 


i 1 

A 1 


IN 


(Pi M} 




1 


n n4C 




A OA 


ft AT 0 
U. Uic 


ft ftftO 

u. uuy 


ft ft9^ 


A ni nfi 


V y 


HB ffl! 


o 


A flCC 

U. Ubb 




U. ID 




ft ftftf^ 


ft ftifC^ 


A ftl 1 R 




// 


0 




A A1 0 

0. Did 


U. 4o 




ft ftAQ 


ft ft 1 Q 

UlU 


ft ftftQC^ 




// 


4 




All 


n 1 A 
U. lU 


ft ft 1 1 


ft ftftO 


ft A91 


ft nft99 


Til - ft 1 Minnie; 




rr 


A A J C 




U. 13 


A AAO 




A A*3A 


ft nA9(^ 


Uh • ft ftftQ Ti • n ft19 


// 


6 


0. 050 


0. O04 


0. 15 


0. 005 


A A1 *3 

0. Olo 


A /\ AC 

0. 045 


A AAO 1 

0. OO^i 






7 


0. 044 


0, 004 


0, 25 


A A 1 A 

0. 010 


A AAO 


A AOC 


A AAC 1 






Q 
a 




U. UU«J 




U. Ul 1 


u. uuo 


0 ft91 






// 


9 


0. 046 


0, 004 


0. 23 


0.012 


0. 008 


0.022 


0.0166 


*) 




10 


0. 048 


0. 005 


0. 25 


0.011 


0. 008 


0. 025 


0. 0214 


*) 




11 


0.045 


0. 005 


0. 24 


0. 012 


0. 009 


0, 023 


0.0106 


* *> 




12 


0. 045 


0.005 


0,24 


0.012 


0. 009 


0. 023 


O.OlOB 


* * * ) 


ft 



*) (Cu + Ni + Cr + Mo) < 0.2 (Nb + Ti+V + B) < 0.01 

**) (Cu + Ni+Cr + Mo) = 0.3 (Nb + Ti+V+B) < 0.01 

CCu + Ni + Cr + Mo) < 0.2 (Nb + Ti+V+B) = 0.02 



[0048] *[0049] 
[ft2l * 1^3] 









CmiD) 


1180 


845 


550 * 


1.2 



*) mm-f^. 0. 2-1. 5 »•c7K^ft§fl^l&<^: 

c:o^<Oiftea»»t4 4O0~60O W/n" • K i Lfc„ 



No. 


(ppra) 


YS 
<MPa) 


TS 
(MPa) 


(%) 


BH 
(MPa) 


^: CD (a 




1 


75 


284 


391 


37 


78 




mm 


2 


41 


275 


380 


40 


62 




rt 


3 


39 


265 


357 


41 


51 






4 


15 


255 


365 


39 


22 


JEJil^SA*15%Ji^ 




5 


5 


295 


395 


32 


22 




// 


6 


7 


222 


327 


39 


25 




f* 


7 


35 


275 


361 


42 


55 




mm 


8 


80 


270 


421 


37 


80 






9 


75 


280 


415 


38 


75 






10 


100 


295 


420 


22 


75 






u 


75 


294 


420 


35 


35 






12 


70 


290 


415 


35 


35 




ft 



[0 0 5 0] ^3f)^hmhfi^tj:X.0\^. *^Wt:it¥v^# 

hfhtLmmmm\-^'^^'rf\^i>. t 3^357 MPa . e 1 ^37 



50 



fhf:i^ ^/c. Cu, Ni, Cr, Moc^'^tfS;^^ 0.3wt%i:^l/^ 

(No. ll)*5j:Tm, Ti, V, B(7)'g^tf-fi;^50.02wt% 
^^V^^><^ (No. 12)ti. JEM??ffi^5No. U3:J4:-<T10%S 
S-t^ ^(Dfc^Wi^ y >^5No. l~ 3 ^}io. 7~ 9 (;i 

No. 2, 3, 7^-9 (c:o^/^rOJfEM<S^fi^iNo. Ur^L± 5% 
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[0 0 5 1] r;h.(;i^L. Cu, Ni*5j:l/Nb, Ti^^.*nL 

xmm(o^&mm^m.^tz.h<D (no. 4, 5)*^, ^^(om 
[0 0 5 2] mmm 2 

C : 0.041 wt%. Si : 0.005 wt%, Mn : 0. 15wt%, P : 
0.009 wt%, S : 0.005 wt%, Al : 0.039 vit^/oi^d XXJ^ 

N : o.oii6wt%^^;^^. mm^mmm^pe<Dmm^^j:^ 

/? : 1. 0 mm. :K*M : 1000nim(^|^M#i^^Mig LfCo Bm 
i±M(-I^L. No. 1~6, No. 9~12^::oV^T^i. 25nmi/p:(C * 
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(o9c^t^iim\.mm^m^^:^m\z.xm^\.. mmm 

{::^>^7=^Att±tfjEE®^fTo/co No. 1-4. No. 

6. No. 9-10. No. 12-'13^;loV^T^^. tt_bffEE^<lA 

l^tt±tfffS^tTo;^Co :^;^c. No. 1—5. No.9— 10. N 

o. 12— i3i;::ov^T»i. v^t— Afflyr-v-— 
[0 0 5 3] rrr*. ^^^^7>'^3j:OT^^^{rov^T 

20 4^*:fig) J; 19. -^tf-is^c^o^l^K^^t^ggSiL. rix 

[0054] 
[1^4] 



maai : 0. 04ic-a (Kssi-a iato-o.oo9P -aooss -0. o38Ai-a 0116N 





rc) 






<o^ra (») 




mm 


*> - m - 




mmm. 

YS 


^\^^ 
TS 
OiPa) 


E 1 

iH) 




Cm) 


» n 

CUPa) 


m m 


1 


1180 


845 


510 


as 


450-600 


mo 




70 


265 


300 


40 


25 


10 


10 


mm 


2 


1160 
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